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Abstract 
Reservoir history matching provides an effective way to accurately understand petrophysical characteristics and 
evaluate reservoir development potential. At present, history matching methods mainly include manual work and 
automatic history matching. Compared with manual history matching, automatic history matching can not only avoid 
randomness and blindness caused by researchers, but also reduce the workload significantly. In this paper, an 
automatic history matching method of reservoir numerical simulation based on improved genetic algorithm was 
proposed, the validity of which was proved by taking the SZ 36-1 typical reservoir of Bohai oilfield for example. 
Results show that the method proposed in this paper is effective for reservoir history matching problems due to its 
strong reliability and fast convergence speed. 
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1. Introduction 
Reservoir numerical simulation provides an effective way to understand reservoir petrophysical 
parameters and percolation characteristics of reservoir fluids, which can be used to predict reservoir 
development performance. The actual reservoir is a complex nonlinear system. In order to make the 
predicted data agree with the observed, it is necessary to history matching the observed performance, and 
resolve or modify the actual reservoir parameters. At present, manual work was commonly used 
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regardless of its tedious process and low precision. Compared to manual history matching, optimization 
algorithms were used for automatic history matching reservoir performance by modifying the model 
parameters and structures successively, which can reduce time spent on history matching and improve the 
calculation accuracy[1-4]. There are many limitations existing in current methods due to their requirements 
of small model parameters and implicit functional form, whose convergence speed is slow and it is easy to 
trap in local optimal solutions, and thus influence treatment scale by automatic history matching. 
The genetic algorithm introduced by Holland[5] is suitable for the complex problems whose objective 
function is difficult to express explicitly or whose gradient information is difficult to solve. However, it 
may take hundreds or thousands of simulation runs for the conventional genetic algorithms[6,7] to converge. 
In this paper, a modified genetic algorithm was proposed in this paper, which can improve the 
convergence speed significantly. Meanwhile, the method was applied to reservoir automatic history 
matching of waterflooding. Furthermore, the validity of the method for automatic history matching was 
proved by taking SZ 36-1 typical reservoir of Bohai oilfield for example. 
2. Methodology 
Compared with the conventional genetic algorithms, there are great improvements for the algorithm 
proposed in this paper in terms of adaptability evaluation and mutation operation, which can improve 
convergence speed and treatment scale for automatic history matching enormously. In short, there are 
several basic steps for the conventional genetic algorithms: generation of initial population; adaptability 
evaluation; selection operation; Crossover operation; Mutation operation. 
2.1. Simplification of reservoir model 
In the process of reservoir history matching, there are so great uncertainties for reservoir parameters 
that it is time-consuming to modify amounts of model parameters for a short time and easy to result in 
non-convergence in automatic history matching[8]. To improve fitting accuracy and reduce time for 
optimization, model parameters can be simplified according to the following principles: 
(1) Select the total water cut of block as observed data; 
(2) Carry out automatic history matching of block total water cut by modifying relative permeability 
curves, average permeability values of interlayer and permeability coefficient of variation in layers 
successively, Among of which : 
① Select the Brooks-Corey empirical relationship as relative permeability representation model, which 
can be determined uniquely by six parameters describe in equation (1) and (2). 
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Where rwk and rok is relative permeability of water phase and oil phase at water saturation wS , 
respectively; wcS and orS is irreducible water saturation and residual oil saturation, respectively; rwroK  
and rocwK  is relative permeability of water phase at residual oil saturation and that of oil phase at 
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irreducible water saturation, respectively; wn and on is Corey indexes of water phase and oil phase, 
respectively. 
② Carry out automatic matching of permeability field by modifying average permeability of each 
layer and the permeability coefficient of variation in each layer. The number of model parameters related 
to permeability field can be simplified as two times of layers simulated. After every iteration, the 
indicated kriging interpolation method is used to calculate permeability plane distribution. 
③  Confine model parameters to reasonable value range according to reservoir actuality when 
automatic history matching reservoir performance with the improved genetic algorithm proposed in this 
paper. In the process of practical optimization, the formula of generating uniform distribution individuals 
based on upper and lower limit of variables can be expressed as: 
( )min max minArg Arg Rnd Arg Arg= + ⋅ −                         (3) 
WhereArg  is value of variable; maxArg and minArg is maximum and minimum of variable, respectively; Rnd is a random number, ∈(0, 1]. 
2.2. Improvement of genetic algorithm 
According to features of the above simplified model, the related part of conventional genetic 
algorithms was modified respectively in terms of convergence speed and adaptability function. 
(1) Piecewise variable weighting adaptability function 
As the total water cut of block is reservoir development data arranged by time sequence, but the 
requirement for history matching late data is higher than that of early data. Therefore, data of different 
stage is piecewise variable weighted on adaptability to reflect the difference of history matching accuracy. 
In other words, the weight is modified by establishing piecewise variable weighting adaptability function. 
The variable weighting adaptability function can be described as: 
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Where iF  is the adaptability value of the i-th individual; m is number of statistics time points; 
j0wf and jwif is the observed water cut at the j-th time point and the predicted data of the i-th individual 
at this time point, respectively; jω is the weight of water cut deviation at the j-th time point, which is 
positive and increases monotonously in principle. 
(2) Self-adaptive mutation 
The mutation operator is one of the most important factors that influence the properties of genetic 
algorithms. Results show that it is low convergence speed at the late stage resulting in long computation 
time, so it is essential to improve the convergence speed at the late stage of evolution for modifying 
conventional genetic algorithms. To accelerate convergence process, the self-adaptive mutation strategy 
was adapted in this paper by adjusting the crossover probability cp and mutation probability mp  self-
adaptively, which ensures the convergence ability of genetic algorithms and increases the optimization 
ability of genetic algorithms effectively by the premise of guarantee of population’s diversity. 
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3. Field applications 
3.1. Establishment of reservoir model 
As shown in Fig.1(a), A synthetic case is established to investigate automatic history matching process 
of waterflooding development by taking SZ 36-1 typical reservoir of Bohai oilfield for example. To 
describe the heterogeneity of the rhythm segments in layers, 11 simulation layers are divided based on the 
geologic research results. A Cartesian grid system is adapted and there are 14×14×11＝2156 grids in 
total, the average grid spacing is 50m, injectors and producers are located in inverted nine-spot pattern 
and the well spacing is 350m. Other petrophysical properties of reservoir model are described in Table 1. 
Table 1 Basic petrophysical properties of reservoir model 
Parameter Value Parameter Value 
Geologic reserve, 104m3 360.0 Initial pressure, MPa 14.2 
Pore volume, 104m3 602.5 Bubble point pressure, MPa 11.0 
Thickness of hydrocarbon bearing interval, m 200~400 Viscosity of oil underground, mPa·s 60 
Air permeability, 10-3μm2 2500 Oil volume factor 1.11 
Permeability variation coefficient 0.6 Relative density of surface oil 0.96 
initial oil saturation 0.56 Initial dissolved gas-oil ratio, m3/t 38 
Average porosity 0.32 Initial formation water salinity, mg/L 6000 
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Fig. 1. (a) Schematic diagram of reservoir numerical simulation model; (b) Water-oil relative permeability curve after modified 
3.2. Results of reservoir model 
As to the above numerical simulation model, the total of model parameters is 28 after simplified of 
reservoir model, among of which there are 11 average permeability values of interlayer, 11 coefficients of 
permeability variation and 6 control parameters of relative permeability representation model. 
Automatic history matching of block total water cut are carried out by using the improved genetic 
algorithm to adjust the average permeability values of interlayer, coefficient values of permeability 
variation in layers and other model parameters successively. The water-oil relative permeability curve 
after modified is shown in Fig.1(b), the result of automatic history matching total water cut of block is 
shown in Fig.2(a), and the absolute error curve is shown in Fig.2(b). 
Analysis from Fig.3~Fig.4 shows that, with the increase of iteration times, the matching error decreases 
gradually and the objective function converges to the actual value in high speed. Up to March 2007, the 
(a) (b)
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observation value of the block total water cut is 64.49%, the predicted is 66.67% and the relative error is 
3.64%, which prove that the automated history matching method based on improved genetic algorithm 
proposed in this paper is effective for reservoir history matching problems due to its strong reliability and 
fast convergence speed. 
0
20
40
60
80
1993 1998 2004 2009
Time， year
Wa
te
r 
cu
t,
 %
the observed
the predicted
 
0
10
20
30
40
50
0 5 10 15 20
Iteration times
Ab
so
lu
te
 e
rr
or
 c
ur
ve
 o
f
to
ta
l 
wa
te
r 
cu
t,
 %
 
Fig. 2. (a) Fitting curve of the Block total water cut; (b) Iteration error curve of the objective function for block total water cut 
4. Conclusions 
An automated history matching method of reservoir numerical simulation based on improved genetic 
algorithm was proposed in this paper, the validity of which was proved by taking the SZ 36-1 typical 
reservoir of Bohai oilfield for example. Results show that the method proposed in this paper is effective 
for reservoir history matching problems due to its strong reliability and fast convergence speed. 
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